When instructors first flip their classroom, many quickly come to the stark realization that they must employ some mechanism to hold students accountable for coming to class prepared. Often this ends up taking the form of a daily quiz on the out-of-class preparatory material. While this typically achieves the intended goal of extrinsically motivating the students to do their prelecture preparation, these quizzes bring their own challenges, such as student resentment, test anxiety, and dealing with student absences or sickness. This paper presents an additional assessment mechanism, student-generated pre-lecture Concept Reflections (CRs), to be paired with a daily quiz to address many of the challenges commonly encountered with daily quizzes. First, the CR setup is presented, including student examples. Next, 441 student-generated CRs and a student survey are analyzed in a variety of ways to better understand how the students engage with the CR format.
Introduction
While the flipped classroom has been shown to have myriad positive benefits, many have pointed out the necessity to promote student accountability in order for the Flipped Classroom technique to work successfully. 1, 2, 3 Promoting student accountability can take various forms, but most often this is achieved through a Readiness Assessment Test (RAT). This is a short assessment of student preparation prior to the regular class activities, and often takes the form of an online or in-class quiz. 4 Individual RATs have five main benefits: (1) they signal important vocab and concepts to the student; (2) they reinforce course material in a student's memory through forced recall; (3) they provide feedback to a student on their basic understanding of the material, (4) they provide an opportunity for a student to ask pointed questions, and instructors to practice "Just-in-Time" Teaching, 5 and (5) they motivate a student to adequately prepare before class-not just by going through the motions of reading or watching the preparatory material, but also by micro-studying the material so they will begin to remember it when they need to recall it for the RAT.
While students generally understand the need for RAT activities and overwhelmingly recognize their helpfulness, administering RATs is not without challenges. The most common challenges include underlying student resentment, student test anxiety, and the inconvenience of dealing with student absence or sickness. 6 In addition to these evident challenges of RATs, they also limit creative ways to retain learning. Methods to hold student's accountable for their learning readiness should more fully embrace the diverse ways in which students begin to construct their understanding of course content. This paper presents on an integrated system of readiness assessment, whereby student-generated pre-lecture Concept Reflections (CRs) are paired with traditional instructor-generated RATs. In this paper, Concept Reflections are characterized as a short online response piece written by students that relates to the new material and is motivated by an analogy, revelation, photo, video, or article. Including these optional CRs, which are more open-ended and student driven, mitigates many of the challenges commonly encountered by schemes set up solely around instructor-generated RATs, and unlocks additional benefits to student learning.
Methodology
The data reported in this paper draws from two semesters of an upper-level undergraduate Introduction to Materials class (Spring 2015 (S15): N=25; Fall 2015 (F15): N=32) meeting three times per week. The class is primarily composed of Mechanical Engineering students, who are required to take the course for their degree, while a handful of students take the course as an elective (3 Chemistry, 1 Electrical Engineering/Physics.)
The format of the course is a flipped learning model, in which the students are given 4 to 6 5-minute instructor-generated videos on the lecture content before class. Although aligned textbook readings are also noted for those that prefer that method of preparation, the vast majority of students self-report that they only watch the videos to prepare for lecture. For the first 5-10 min of each 65 min class period, the students are quizzed, first, individually and, then, in groups on their ability to remember and understand of the content of the videos. This is meant to test the lowest levels of Bloom's Taxonomy. The rest of class time is spent practicing applying, analyzing, and evaluating the material, which is meant to develop the higher levels of Bloom's taxonomy.
While the daily individual quiz points (3 pts/day) count towards their course grade, the students are able to ensure those quiz points by completing CRs online via the learning management system (LMS) before class time. Because the CRs are meant to motivate readiness for the class period, students are not able to garner points for those submitted after the class period have begun. A timestamp is created when the CR is posted, thus ensuring a method to assess compliance with the timed deadline. One satisfactory CR counts for 1 point; thus, by submitting three complete CRs online before class begins, a student can ensure that they will receive all of the individual quiz points for that day. In other words, the students have six chances (3 CR pts + 3 quiz pts) to receive the three readiness assessment points for the day. To further clarify, students may only receive three total points, meaning a student completing three CRs and scoring three points on the quiz will still only receive a total of three points-100% of the individual readiness points for that day. This is meant to give those students who have trouble with the quizzes another mechanism to earn the quiz points as long as they are willing to put in the extra effort to demonstrate their engagement with the lecture material. Posting CRs is entirely optional for the students.
The assignment prompt posted on the LMS for the CRs is shown below. Five formats are described. Note that for the analysis of this paper the last item is split into two distinct formats based on whether the item is an article or video. For the second semester, in addition to this prompt, a handful of satisfactory example CRs were posted at the beginning of the semester in order to model the instructor's expectations and demonstrate the postings of prior students. The online medium is a shared class blog page through the LMS. All students are able to see each other's posts and comment on them.
Concept
To grade the CRs, the instructor briefly reads through the posts to ensure they meet the minimum standards outlined in the assignment prompt. If a post meets the minimum standards, the instructor awards the student a readiness point for the given lecture. If the post does not meet the minimum standards and it is the student's first offense, the instructor makes a comment on the student's post as to what aspects they are missing in their post and does not award a readiness point. The student is welcome to repost their CR for re-grading as long as it is posted before class begins. For subsequent offenses, the instructor merely does not award credit for the posted unsatisfactory concept reflection. Whenever possible, the instructor reviews the posts before class time and mentions them during class time when related concepts are discussed. If a post is of high impact and there is time, the instructor shares the content item (e.g. YouTube video) with the class during class time, indicating the student who posted it.
The following data was collected to analyze the CR technique: 441 student-generated CRs were reviewed. Student-generated examples of each CR format were selected. The number of satisfactory CRs submitted by each student for a given lecture was tabulated and compared to the student's daily quiz score for that lecture, as well as their subsequent compiled readiness score for that lecture. All submitted CRs were also coded by format type, time submitted before lecture, associated daily quiz score, and deviation from the average quiz score for that lecture. A survey was also given to the most recent class to elicit their feedback and self-reported data on the Concept Reflection technique.
Results and Discussion
In order for the reader to more fully grasp the format of a CR, a student-generated example of each CR format is listed below in Figures 1-5. Many submitted CRs mention the pre-class videos and the student's interest in learning more about related subjects. The sample CRs below demonstrate the student's increased intrinsic motivation and curiosity to further explore topic related to pre-class videos.
Analogy example: 
Student Motivations Towards Concept Reflections
Overall, 79% of the students complete at least one concept reflection by the end of the semester. This demonstrates that in general students find them useful for some purpose over the course of the semester.
To explore the student motivations for completing CRs, Figure 6 (a) demonstrates student responses on why they do choose to complete the CRs. The most popular self-reported reason is to pad their quiz score. This reasoning likely correlates with a decrease in student resentment for the quizzes. Although student resentment of the quizzes was not explicitly surveyed in the students, student comments from the mid-term and final course evaluations indicate that students appreciate this additional opportunity to display their preparation for class.
The second greatest reason students complete CRs is to better understand the material. This demonstrates a clear link to students identifying what aspects of the material they do not understand or are confused about and self-directing themselves to better understand that aspect of the material. This is a key tenet of metacognition-the ability to know what one doesn't know or understand. This encourages students to take control and self-regulate their learning. Figure 6(b) demonstrates student responses on why they choose not to complete the CRs for a given lecture. The most common reasons are time constraints and that they generally already do well enough on the quizzes with their own studying techniques. Likely the students who are already satisfied with their quiz performance have minimal resentment of the RATs. As instructors know well, classes are made up of a wide variety of learners, and it is often difficult to satisfy all of them with a single mode of assessment. In this respect, it is not necessarily a negative that much of the class does not feel the need to post CRs for every lecture. The fact that at some time or another throughout the semester the majority of students do find reasons to complete them supports their use in the class. While the majority of the students in each class participate in CRs at some point in the semester, the number of students posting at least one CR for a given lecture is shown in Figure 7 . As one can see, the number fluctuates. This is likely subject to a number of factors the students selfidentified, such as time availability, lecture topic confusion, stimulated interest by lecture topic, pre-arranged absence, and unforeseen sickness.
Student-Selected Formats
The breakdown of the five CR formats posted by students over the two semesters is shown in Figure 8 . Far and away the most popular format is the YouTube video CR. To probe this, the students were asked to comment on why they do or do not use specific formats. Figure 9 (a-b) shows the breakdown of how students decide their format and why they specifically choose videos to reflect on in their CRs. The most prevalent reasons students give for deciding their concept reflection format are (1) searching for concepts of interest and (2) always choose videos to help understand material. This implies that the videos help further their interest in the course content sparking curiosity and intrinsic motivation, as well as help clarify confusion they have self-identified in their learning process. An important parallel is noted between the students' selfselection of online videos to help understand the material and the students' overwhelming preference for instructor-generated videos as opposed to assigned readings or lecture notes for the method of flipped learning. 
Formats of CRs

Student Time Input
Time input was an important aspect of the CRs that became apparent in student responses. To probe this, students were queried on the estimated amount of time that they spent on various aspects of completing a CR. This was broken down into the following three areas: deciding on the format and topic; searching for relevant information; and drafting the concept reflection text for the post. The total time spent on the CRs was then calculated by summing the highest number of minutes in each range the student selected (thus, termed the Maximum Total Time.)
The results, shown in Figure 10 (a-d), indicate that there is a wide variety of time input by the students to complete a CR. In general, the students spend the most time on the intermediate step of searching for the relevant information, while on average the total time that students spend on one concept reflection is 21-30 minutes.
In this way, students are spending additional time (beyond the lecture videos) focusing on an aspect of the course material in a self-selected direction. This can increase intrinsic motivation and curiosity towards the material, while at the very least this increases the student's mental time exposed to the course material before it is practiced more fully in lecture. This likely creates additional applications or experiences with the subject matter to help the student construct 
Student Submission Timing
The timing breakdown of when students post their CRs before a given lecture is shown in Figure  11 . Most of the students post the CRs in the morning before class time, while some post the day before. While procrastination may be blamed for this crunch of postings before class time, this may not be the whole story. Student comments in class indicated that students felt they did poorly on the quizzes when they watched the lecture videos too far ahead of class time. They found that watching the videos closer to class time was ideal. This makes sense for short-term memory arguments. If students did follow this model, then this compresses the time available to post CRs after watching the videos. This may help explain the data distribution that is seen in Figure 11 . 
Effect on Student Quiz Performance
It is difficult to directly assess the effect of the CRs on the students' performance due to their voluntary and stochastic participation. As noted previously, a majority of the class completed at least one CR over the course of the semester, though only a handful complete them for a given lecture. Thus, each lecture quiz must be taken individually to assess whether the students' completion of one or more CRs on that lecture material positively impacted their ability to perform on that quiz relative to their peers who did not complete a CR. Figure 12 shows the deviation from the average scores (raw and compiled) for each student per lecture. The Raw Score is defined as the quiz score before accounting for any CR points, while the Compiled Score is the student's quiz score after adding in points for the completed CRs. Both the average raw score and average compiled score were calculated for each lecture. The deviations from the average score for that lecture were then computed for each student in the class. The students were finally classified by how many CRs they had completed for that lecture. Bins ranging from below to above the class average were created to categorize the results. Figure  12 (a) shows that the students that complete CRs are generally slightly more likely to score higher than the class average on the quizzes. These results indicate that submitting a CR improves students memory and cognition of the material presented in the pre-class videos. Figure 12 (b) shows that the students who have completed CRs almost always have a higher compiled score for that lecture than the class average. This is expected, since points are added to the compiled quiz score for completing CRs. These results correlate with the students' main motivations to complete CRs: to better understand or internalize the material (shown by the raw quiz scores), and to pad their quiz scores (shown by the compiled quiz scores.) 
# of Concept Reflections Completed
Class Average
Dissemination of Concept Reflection Content
Not only do CRs help the individual students who post them, but their content can also be disseminated to augment student understanding and content retention in current and future classes. Through reviewing the student-posted CRs, the instructor often discovers new applications, analogies, and media to demonstrate the course content. When possible, the best of these are then showcased during lecture to provide more examples for the students.
In the survey, students were queried about their use of the concept reflection information posted by other students. Multiple students mentioned that they like when the instructor mentions or shares student CRs during class time. Some students also commented that they sometimes look at fellow students' CR posts. One student wrote "What others post usually helps me understand material, too." However, in general, it appeared that there was not significant interaction between students with others' CRs beyond those specifically mentioned by the instructor in class.
Instructor Time Input
No doubt the review of multiple CRs for each lecture can be time-consuming for the instructor. This is particularly true as many of the CRs involve the viewing of YouTube videos in addition to reading the student's composed reflection. The instructor found that watching the videos at "2x" speed saved much time in vetting the videos. Nevertheless, a technologically expedited grading strategy would definitely be an area of interest for future development.
Discussion
Logistical Benefits
Multiple challenges inherent to daily learning readiness quizzes are dramatically diminished when CRS are implemented as a complementary assessment mechanism. Firstly, student resentment for the instructor-imposed quizzes is markedly decreased as an avenue is opened for complete student-control of their own daily quiz grade. This additional avenue encourages student accountability to themselves (not the instructor) for their effort put into preparing for class. Secondly, giving students complete control of their quiz score outcome calms students with text anxiety. Thirdly, the CRs create a structure for how to deal with any missed quizzes, such as for absences, sickness, or even reoccurring time conflicts. The fact that the CRs are posted online and already familiar to the class means the instructor does not have to make up a new assessment method or grading rubric to deal with missed quizzes. Additionally, this requires that students still demonstrate a basic interaction with the lecture material, even if they were unable to attend that class period. This is a marked differentiation from grading structures where each student may drop a certain number of quizzes.
Student Learning Benefits
The CRs also have a number of benefits for student learning. First, the self-directed nature of student-generated CRs creates an open-ended learning environment that stimulates student motivation and curiosity about the subject matter. Students often indicate a desire to explore a certain subject or connect material to their personal lives in the written submission of CRs. The desire to further explore material is seen in the sample CRs provided above. In this way, the CRs leverage additional student-driven learning tools to internalize the subject matter, including the copious resources available via the Internet and the students' own interests and experiences.
Second, the CRs enhance cognition and memory of the subject matter. Long-term memory of information is built up by repeated attempts to retrieve the information, as well as how densely connected that information is to other information within the brain. Thus, the student-generated connections between the course content and their prior knowledge helps them better retain and understand what they are learning. This is seen as students who complete CRs consistently score higher than the average on quizzes. Moreover, the completion of each CR is extra time the student is spending searching for, thinking about, writing about, and reflecting upon a key aspect of the lecture prep material, increasing the probability that they will both remember and understand it.
Third, the CRs also develop metacognition and self-regulated learning within the students. By encouraging the students to identify their own topic of inquiry, the students practice a metacognitive understanding of what they do and do not understand. The survey given to students evaluating CRs revealed that many students choose to complete them in order to clarify confusing topics. This shows they are assessing their own understanding and self-regulating their learning. By having the students select their own method to investigate the concept, the students practice their metacognitive understanding of how they learn best (e.g. videos, articles, etc.) By making the CRs optional, the students must practice self-regulated learning, whereby they plan, monitor, and evaluate their progress in the class.
Finally, by having the students create new analogies and connections to the course content, the instructor reaps a plethora of examples to share with the class and future classes to aid understanding and retention of course concepts.
Potential Improvements
A number of potential improvements to the format and structure of CRs are discussed below.
After-Class Posting Option
If some of the central learning goals of CRs are to increase student time on topic and also increase student motivation towards the material, the instructor may consider allowing students to post CRs after class up until the next class period for a decreased point value. After the students know how well they do on the in-class quiz, they may be more motivated to complete a certain number of CRs. This increases the student's time on topic (perhaps especially needed if the student did not do well on the quiz), as well as allowing students to follow up on interesting topics or applications that were mentioned in class. The main drawbacks of such a scheme would be potentially decreased motivation to do CRs before class and the risk that students would be less prepared for both the quiz and class, knowing they could recoup any points they miss after the class period. Additionally, this added grading striation might complicate the quiz and CR grading.
Question Articulation
Another potential change is to have students formulate a question for each CR that would motivate their search and include the question in their post. From the survey results, it appeared that some students may simply be internet searching for course content vocab in the hopes of stumbling upon further information. Forcing the students to articulate a question they have after watching the videos would help cultivate a habit of critical thinking and metacognition of their understanding of the content. Requiring students to title their post with a compelling question may also help attract other students to read the posts and disseminate the knowledge further.
Student Posting Deadline
Many students mentioned that they enjoyed when the instructor brought up the CRs during class; however, students often post their CRs just before class time, making it difficult for an instructor to review all of the CRs prior to class. To alleviate this, the instructor may consider a posting deadline 1-2 hours before class time, so that the instructor can review all the posts and mention them during class time. Downsides may be that many students watch the videos in the hours just before class (in order not to forget as much for quiz), so such a deadline may minimize the student's retention of material for class or decrease the number of students postings CRs.
Grading Expedient
One idea to ease the grading time input by the instructor is to somehow make the grading of CRs more technologically automated, akin to the electronic quiz grading. The instructor is currently investigating the potential of using coded word clouds of CRs to highlight the use of key words and adherence to required quality metrics, such as word count.
Conclusions
The main conclusions derived from the data in Figures 6-12 are summarized below:
• The greatest student motivators to do CRs are to pad their quiz score and to better understand the material.
• The greatest detractors are they don't have enough time or are already confident enough on the quizzes.
• While 79% of students complete at least one CR by the end of the course, only 10-20% of the class completes CRs for a given lecture.
• CRs based on YouTube Videos are the most common type completed. A wide variety of reasons are given by the students for this. • There is a wide variety of time input by students on their CRs, but the average self-reported time was 21-30 minutes total for each CR.
• The majority of CRs are submitted in the last five hours before lecture.
• Students who completed CRs for a lecture were slightly more likely to do better than their peers on that in-class quiz (or RAT.) Once the CR points were added to their quiz scores, those students were virtually guaranteed to have a higher compiled quiz score for that lecture than the class average.
In conclusion, CRs are a beneficial complement to instructor-generated RATs. Including them in the grading structure addresses a number of logistical hurdles, such as minimizing student resentment and anxiety towards the quizzes, and providing a mechanism to deal with student absences. The format of CRs also motivates key principles of student learning, including stimulating intrinsic motivation and curiosity, enhancing cognition and memory, and developing metacognition and self-regulation. This system of complementary readiness assessments allows for students with different learning styles to use whichever suits their learning more.
